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 I 
摘 要 
细胞凋亡是一个主动的由基因决定的自动结束生命的过程，对有机体的正常
运行和体内稳态有重要作用。细胞凋亡一旦受到抑制，很可能导致肿瘤发生。然
而，肿瘤发生发展过程中细胞凋亡调控的有关机制还不完全清楚。microRNAs
（miRNAs）是一类非编码的小分子 RNA，它们具有调节基因表达活性的功能，
在细胞的各个进程（如细胞凋亡，分化和发育中）发挥着重要的作用。在肿瘤中
miRNAs 有可能通过调节与凋亡相关基因的表达，参与肿瘤细胞凋亡的调控。 
miR-669e-5p 和 miR-669e-3p 是小鼠 Sfmbt2 基因第十个内含子所携带的一个
编码超过 42 种 miRNAs 的 miRNA 基因簇中的成员。虽然研究已表明 Sfmbt2 蛋
白在许多基因的表观遗传学调控中有重要作用，Sfmbt2 基因所携带的 miRNAs
的生物学功能却不清楚。不过，相关初步研究提示 Sfmbt2 基因所携带的 miRNAs
在细胞增殖、周期循环和凋亡中可能有重要作用。在本项研究中，我们对
miR-669e-5p 和 miR-669e-3p 在 Bcl2 表达和细胞凋亡中的调控作用进行了研究。
我们的生物信息学分析表明，细胞抗凋亡基因 Bcl2 的 3’UTR 上有三个
miR-669e-5p 的结合位点和三个 miR-669e-3p 的结合位点。细胞转染实验显示，
miR-669e-5p/3p 过表达可以显著抑制 Bcl2-3’UTR 报告基因的荧光素酶活性和
Bcl2 的 mRNA 和蛋白表达水平，抑制细胞生长并诱导细胞凋亡。反过来，利用
siRNA 抑制 miR-669e-5p 后 Bcl2 的表达水平显著升高，细胞凋亡显著受到抑制， 
细胞增殖得到促进。进一步的研究发现，过表达 miR-669e-5p/3p 显著抑制了 CT26
细胞的克隆形成能力和在裸鼠体内的成瘤能力。另外，我们首次从人 Sfmbt2 基
因的第 10 个内含子中克隆了人 miR-669e 基因（hsa-miR-669e-5p），并在人细胞
中验证了 hsa-miR-669e-5p对Bcl2的调控作用。qPCR分析还显示，miR-669e-5p/3p
在人和小鼠结肠癌细胞、C57BL/6-Apcmin/+小鼠结直肠癌组织和人结直肠癌组织
中均呈现很低的表达水平，表明 miR-669e-5p/3p 的异常下调可能对肿瘤细胞凋亡
的异常调控有重要贡献。这些研究一起揭示，miR-669e-5p/3p 是细胞凋亡的重要
调控因子，有可能可以被开发用于细胞凋亡相关的肿瘤和人类疾病的预防与治
疗。 
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Abstract 
Apoptosis, or programmed cell death, is involved in embryonic development and 
immune defense and many other fundamental processes of life. Defects in apoptosis 
might cause severe diseases including cancers. However, how apoptosis is regulated 
during cancer development and progression is not fully understood. MicroRNAs 
(miRNAs) are non-coding small RNAs that serve as important regulators of gene 
expression that control apoptosis, differentiation and development. Studies have 
shown that microRNAs might play important roles in various types of cancers by 
controlling the expression of tumor suppressors or oncogenes. In particular, they 
might be able to contribute to tumorigenesis by regulating the expression of 
apoptosis-related genes. 
In mouse, miR-669e-5p and miR-669e-3p are encoded together with more than 
42 miRNAs by a miRNA gene cluster, which is hosted by the 10
th
 intron of the 
Sfmbt2 gene. Although Sfmbt2 protein is well-known to be involved in the epigenetic 
regulation of many genes, little is known about the biological roles of Sfmbt2-hosted 
miRNAs. In spite of this, a few preliminary studies suggested that Sfmbt2-hosted 
miRNAs might play important roles in cell proliferation, cell cycle regulation and 
apoptosis. In our current study, we investigated the role of miR-669e-5p and 
miR-669e-3p in the regulation of Bcl2 expression and apoptosis. Our bioinformatics 
analysis suggested that on the 3’UTR of the anti-apoptotic gene Bcl2 there are six 
conserved miRNA recognition sites for miR-669e-5p/3p, which include three for 
miR-669e-5p and three for miR-669e-3p. Interestingly, overexpression of 
miR-669e-5p/3p significantly repressed the activity of luciferase reporter containing 
the Bcl2-3’UTR, reduced the endogenous mRNA and protein level of BCL2, 
promoted apoptosis and suppressed cell growth in mouse colorectal cancer CT26 cells. 
Conversely, inhibition of miR-669e-5p significantly up-regulated Bcl2 expression, 
suppressed cell apoptosis and promoted cell proliferation. Moreover, overexpression 
of miR-669e-5p/3p dramatically suppressed the ability of CT26 cells to form colonies 
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in vitro and the ability to develop tumors in vivo in nude mice. To demonstrate the 
applicability of regulation of Bcl2 by miR-669e-5p in human cells, we cloned putative 
hsa-miR-669e-5p from the 10
th
 intron of human Sfmbt2 and showed that putative 
hsa-miR-669e-5p also regulates the expression of Bcl2 in human cells. Real-time 
quantitative RT-PCR (qPCR) analysis also showed that the expression of 
miR-669e-5p/3p were significantly reduced in mouse and human colorectal cancer 
cells and colorectal cancer tissues from C57BL/6-Apc
min/+ 
and clinical samples，
suggesting that this aberrant down-regulation of miR-669e-5p/3p might be associated 
with the abnormal regulation of apoptosis in cancer cells. Taken together, our data 
suggest an important regulatory role of miR-669e-5p/3p in cell apoptosis. 
miR-669e-5p/3p thus might be an important diagnostic or therapeutic target for 
apoptosis-related cancers and other human diseases. 
 
Key words: Apoptosis, miR-669e-5p/3p, BCL2, Colorectal cancer, Gene therapy 
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缩略语对照表 
缩略语 英文 中文 
FBS Fetal bovine serum 胎牛血清 
EDTA 
Ethylene 
diaminetetrasetie acid 
乙二胺四乙酸 
mRNA 
Messenger ribonucleic 
acid 
信使核糖核酸 
miRNA MicroRNA 微小 RNA 
PBS Phosphate buffered saline 磷酸盐缓冲液 
RLU relative luciferase unit 相对荧光素酶单位 
5’UTR 5’-untranslated region 5’非翻译区 
3’UTR 3’-untranslated region 3’非翻译区 
Tris trimethylsilyl 三（羟甲基）氨基甲烷 
MTT 
Methyl thiazolyl 
tetrazolium 
甲基噻唑基四唑 
SDS Sodium dodecyl sulfate 十二烷基硫酸钠 
CRC Colorectal cancer 结直肠癌 
MRE 
microRNA recognition 
elements 
microRNA 识别元件 
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